A multiuser receiver scheme with successive interference cancellation (SIC) is proposed to suppress multiuser interference for physical uplink control channel (PUCCH) in high speed train (HST) environment. In the proposed algorithm, each user's signal is detected iteratively in a descending order according to the signal strength at eNB. During each iteration, the strongest signal of all users' is detected and regenerated, and then is subtracted from the composite signal before decoding the next user. Simulation results show that the proposed scheme obtains remarkable gains, e.g. 2 dB for PUCCH format 2 with 3 users in HST scenario 1. The improvement is more pronounced in the case of increasing number of users, e.g. 3.3 dB with 6 users.
Introduction
PUCCH is an important narrow-band channel, which carries the uplink control information, such as acknowledge/non-acknowledge (ACK/NACK) bits, downlink channel quality indicator (CQI), scheduling request, precoding matrix indicator (PMI), rank indication (RI) and HARQ-ACK feedback information, and it requires much higher transmission quality than the other channels. With the aid of orthogonal CDMA [1] , multiple users share the same time-frequency resources, i.e., a resource block (RB) in the same sub-frame duration in the PUCCH, and the multiuser interference has been the main factor that limits the transmission quality of the control information.
Recently, several literatures have been focused on the scheme of the PUCCH multiuser receiver in the low mobility scenario. Literature [2] proposed a parallel-receiver scheme for the PUCCH multiuser receiver with low reference signals (RSs) density. By using the maximum likelihood (ML) mechanism, literature [3] presented a semi-blind receiver with a high performance. However, the two schemes will be greatly degraded in the HST scenario, because there exists a large Doppler shift, which leads to loss of code orthogonality and also introduces inter-carrier interference (ICI) within a single SC-FDMA symbol [4] . Both the two schemes above can not work with so large a Doppler shift without carrier frequency offset (CFO) estimation and correction. Besides, the near far resistance is high in HST environment due to the fast variation of users' location. The received signal strength at eNB from near users is higher than that from the far ones, and users' power differs greatly, which makes the multiuser interference severe. In this case, the performance of the parallel-receiver is degraded due to the poor performance of the farther users. And it is limited by the number of users while the user density in HST is very high. Semi-blind algorithm has higher computational complexity with increasing number of users and CQI bits. Consequently, the available receiver schemes can not directly apply to such a special scenario. A receiver, which can overcome the influence of frequency offset and power differences among users, is required to maintain the link quality for PUCCH in HST environment. Hence, we propose a multiuser receiver scheme with SIC for PUCCH. The proposed scheme can greatly suppress the interference of the strong on the weak and is robust to the number of users, increasing the system capacity. Moreover, it has lower complexity and is suitable for implementation.
The following sections are organized as: In section 2, system model is described. In section 3, the multiuser receiver scheme with SIC is proposed and in section 4 simulation results are presented and analyzed. Finally, basic conclusion is drawn in section 5. which contains seven SC-FDMA symbols and occupies 12 subcarriers distributing at band edges. PUCCH supports seven formats, namely formats 1/1a/1b, format 2/2a/2b and format 3. The receiver we proposed applies to all PUCCH formats. In the following, we mainly talk about format 2 for the transmission of CQI bits. The time frequency structure of PUCCH format 2 is shown in Figure 1 . CQI information bits from different users are coded into 20 bits by a RM code [5] , and then these bits are QPSK modulated, resulting in a block of complex-valued modulation symbols 0 1 9 . Those data symbols occupy 10 SC-FDMA symbols of a subframe. The rest symbols of a PUCCH format 2 subframe are used to transmit RSs. Each symbol shall be spreaded by a cyclically shifted length 12 sequence. The sequence of different users in a cell, generated by phase-rotated basic sequence, is orthogonal to each other. The rotation value of user k can be expressed as [ , , , ]
System Model
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where . K is the total number of users. l denotes symbol index within a subframe and . .
N is the number of subcarriers in a RB. , 
where is mapped by the length-12 sequence , and
In HST channel model, the LOS component is constant and frequency offset exists caused by the Doppler shift. The scattered component in the uplink also has frequency offset half that of LOS component [4] . The received complex baseband symbol in time domain can be described as
where g N is the length of the cyclic prefix (CP). s N indicates the samples in a SC-FDMA symbol, and 
where , denotes the ICI of the user.
, is the interference of the other users to the user and l is noise in frequency domain.
H is an attenuation coefficient caused by channel and residual carrier frequency offset.
Proposed Scheme
In this section, the proposed SIC-receiver is described in detail. In the scheme, the symbol of each user is detected in a descending order based on the received power levels. The strongest signal of all users' in each iteration is detected and regenerated, and then the contribution of the strongest signal is cancelled from the composite signal before the detection of the next user, from which the multiuser interference is progressively reduced. Symbol detection of the each user is performed by single user detection (SUD) method. Firstly, some of the SUD combining methods considered in this paper are reported.
, k l H is estimated by the scheme proposed in [2] , and the carrier frequency offset is estimated by a iteration method in [7] . Let . The SIC algorithm for PUCCH in HST scenario is described as follows.
Step 1, despreading and power calculation. The symbol of user k is expressed as
where .
Let k p  be the power of user k in the th
find the user of max-power, and let
Step 2, data symbol detection of the s user. th
where is a quantization operation, and it assigns an element of the data symbol alphabet to each value of
Step 3, signal regeneration. The SC-FDMA symbol of the user is regenerated as lth th
Step 4, subtraction of the regenerated max-power signal. Let 
Step 5, the power of user is calculated again and is denoted as
Simulation Results
In this section, the performances of the proposed receiver scheme and the parallel-receiver scheme are investigated. The simulation parameters are listed in Table 1 . Block error ratio (BLER) of CQI in HST scenario 1 and 2 is shown. Consider a worse case that the SNR of the strong is higher than that of the weak by 9.5dB, and when the number of users is three, one has higher power; the number is 2 while there are 6 users. The noise attenuation varies with the average power of all users' to keep SNR constant. The simulation results are presented as follows. Figure 2 presents the average BLER of SIC-receiver and parallel-receiver with 8 CQI bits for PUCCH format 2 in HST scenario 1. The proposed algorithm provides a gain of around 2dB and 3.3 dB over the parallel-receiver for 3 users and 6 users respectively. The proposed scheme is robust to number of users, whereas the performance of parallel-receiver decreases with the increasing number of users. , the next iteration follows on. Otherwise, set , and the power of the user zero in the following iteration. Then start the next iteration. The iteration will not stop until the weakest user is detected. Moreover, the data symbols detection of a user may be performed repeatedly due to the iteration process. The one when the user's power is maximum is chosen as the final result.
Conclusions
In this paper, a multiuser receiver scheme with SIC for PUCCH in LTE system is discussed. An iteration method is adopted to reduce multiuser interference. During each iteration, the max-power user is detected, regenerated and then subtracted from the composite signal before the detection and cancellation of the next user. Simulation results show that it improves the BLER performance for
